The present study reported three rare cases of multicystic vestibular schwannoma with fluid-fluid levels. These three tumors exhibited apparent fluid-fluid levels that demonstrated a radiological appearance of two fluid levels in the cystic area. Two cases had an acute history, whereas one case presented with a chronic progression. A suboccipital retrosigmoid approach was used for access to the tumors and gross total resection was achieved in all the cases. During the surgical procedures, unclotted blood was observed, and the tumors were adhered to the facial nerve, other cranial nerves or the brain stem. In each case, the facial nerve function of the patients was impaired following surgery. The present study discussed the possible mechanism of the formation of the fluid-fluid levels, the effect of the fluid-fluid levels and the therapeutic strategy employed.
Introduction
Vestibular schwannomas (VSs) are benign, slow-growing neoplasms that develop in the cerebellopontine angle (CPA) area of the brain (1) . VSs may be subdivided into cystic and solid according to their morphology (2,3). Cystic VSs are relatively less common than solid VSs, with a reported incidence rate ranging between 5.7 and 24% (2). Furthermore, cystic VSs are more aggressive than solid VSs due to the rapid growth and unpredictable expansion of their cystic component (2, 3) .
Fluid-fluid levels in tumors display a radiological appearance of two fluid levels in the cystic section of tumors (4) (5) (6) (7) (8) (9) (10) . This level is apparent on computed tomography (CT) and magnetic resonance imaging (MRI) scans, particularly on T2-weighted MRI scans (4) (5) (6) (7) (8) (9) (10) (11) . Previous studies have reported fluid-fluid levels in non-neurogenic tumors (4, 5) , as well as a small number of cranial nerve schwannomas, including trigeminal, glossopharyngeal and hypoglossal schwannomas (6) (7) (8) . However, cystic VSs with fluid-fluid levels are fairly rare (3, 6, 9, 10) .
The current study presented three cases of multicystic VS with fluid-fluid levels, introducing their clinical manifestations, imaging features and surgical findings. In addition, the possible mechanism of fluid-fluid level formation, the effect of fluid-fluid levels and the therapeutic strategy employed were discussed. This study was approved by the ethics committees of Laiwu Hospital (Laiwu, Shandong, China) and Beijing Tiantan Hospital (Beijing, China), and written informed consent was obtained from each of the patients.
Case reports
Case one. In December 2013, a 65-year-old male patient presented to Beijing Tiantan Hospital with a six-month history of right-sided facial numbness and sialorrhea, with no tinnitus, hearing loss, headache or other symptoms. Neurological examination demonstrated impaired sensation to light touch and pinprick testing in the maxillary division of the right trigeminal nerve. The preoperative right-sided facial nerve function was diagnosed as House-Brackmann grade II (11) .
CT and MRI scans identified a predominately multicystic mass with two apparent fluid-fluid levels in the right CPA extending to an enlarged internal acoustic meatus, measuring 4.3x2.9x3.3 cm (Fig. 1 ). The right cerebellum and brainstem were markedly distorted by the lesion; however, the fourth ventricle was not clearly compressed and there was no evidence of hydrocephalus.
Microsurgery was performed using a suboccipital retrosigmoid approach (12) with intraoperative neurophysiological monitoring and gross-total resection was achieved. During the surgical procedure, a yellow-green fluid and unclotted blood were observed in the cyst of the tumor. Furthermore, the tumor adhered to the brainstem and facial nerve. The brainstem was intact following tumor resection and the facial nerve was anatomically preserved. Histopathological findings revealed that the tumor was hypercellular and composed of spindle-shaped cells with obvious palisade arrangement and regular nuclei, which indicated a diagnosis of VS with Antoni type A. Postoperatively, the patient developed House-Brackman grade V facial nerve palsy and hearing loss,
Multicystic vestibular schwannomas with fluid-fluid levels:
A report of three cases which did not resolve over the six-month follow-up period. Hypoglossal-facial nerve anastomosis was proposed; however, the patient did not consent to the procedure. The tumor did not recur during the six-month follow-up period.
Case two. A 59-year-old female patient was admitted to Laiwu Hospital in March 2014 with a 1.5-year history of worsening hearing loss in the left ear, headache, dizziness, a four-month history of left-sided facial numbness, coughing when consuming liquids, dysphagia and an unsteady gait. Two months prior to admission, the aforementioned symptoms had suddenly worsened, and the patient experienced a severe headache and was unable to walk due to ataxia. Physical examination revealed impaired sensation in the maxillary and mandibular divisions of the left trigeminal nerve, ataxia and dysmetria on the finger-nose test. The pure-tone average in the left ear was determined to be 45 dB. The pure-tone thresholds were determined for the left and right ears using the modified Hughson-Westlake method at frequencies of 0.25, 0.50, 1.0, 2.0, 4.0 and 8.0 kHz (13) . In addition to assessing absolute hearing values, clinical function was categorized into the following hearing loss (HL) ranges: <20 dB, normal hearing; 20-40 dB, mild HL; 40-60 dB, moderate HL; 60-70 dB, moderately severe HL; 70-90 dB, severe HL; and >90 dB, profound HL. MRI scans revealed a multicystic lesion ( Fig. 2) with two apparent fluid-fluid levels in the left cerebellopontine area. The mass, which measured 4.6x3.4x3.4 cm, compressed the left cerebellum, the brainstem and the fourth ventricle, forming a cerebellar tonsil hernia with no hydrocephalus. Prior to surgery, the House-Brackmann grade was determined to be I (normal).
The tumor was completely resected using a retrosigmoid approach. The cystic fluid was yellow-green in color with unclotted blood, and the solid section was yellow-white. The tumor arose from the eighth cranial nerve and was compressing and adherent to cranial nerves X, XI and XII, as well as the lower cranial nerves, which were carefully dissected from the tumor under intraoperative neurophysiological monitoring. Histological examination indicated that the tumor was composed of spindle-shaped cells with palisade arrangement (Antoni type A) and some nuclei were enlarged and darkly stained; a diagnosis of VS was therefore determined. The patient developed House-Brackmann grade III facial nerve palsy and had no effective hearing on the left side during the three-month follow-up period. No tumor recurrence was observed.
Case three. A 27-year-old male patient presented to Beijing Tiantan Hospital in March 2014 with right-sided tinnitus and hearing loss that lasted for ~1.5 years, and a six-month history of intermittent dizziness, nausea, vomiting and an unsteady gait. During the month prior to admission, the aforementioned symptoms suddenly worsened. In addition, right-sided facial numbness and limb shaking developed, and the patient was unable to walk due to ataxia. Physical examination revealed impaired sensation in the maxillary division of the left trigeminal nerve, as well as ataxia. The pure tone average in the left ear was determined to be 95 dB. CT and MRI scans revealed a multicystic tumor with one fluid-fluid level in the left CPA area (Fig. 3) . The tumor measured 6.3x4.2x5.2 cm, compressed the right cerebellum, the brainstem and the fourth ventricle, and hydrocephalus was observed. The axial and sagittal images identified a high-density matter in the inferior layer.
The patient underwent surgery using the retrosigmoid approach to completely resect the tumor. The tumor was predominantly composed of cysts in which xanthochromic fluid and unclotted blood were observed. Subsequent histological analysis indicated features characteristic of a schwannoma; most of the area was focal cellular (Antoni A), and part was hypocellular with vacuolar degeneration (Antoni B). Following surgery, the patient developed House-Brackmann grade VI facial nerve palsy and had no effective hearing on the right side during the three-month follow-up period. Tumor recurrence was not observed. 
A B C D E Discussion
A fluid-fluid level is considered to be an uncommon and non-specific phenomenon in tumors (4). To date, there is no consensus regarding the mechanism underlying the formation of these levels; however, two mechanisms have been proposed in the literature (2,4,6-8,10,14 ). The first refers to tumor necrosis causing liquefaction and exudation of the tumor tissue. The fluid formed initially is more proteinaceous compared with the interstitial fluid formed later; thus, fluid separation occurs based on viscosity and protein content (7, 10) . The second proposed mechanism is hemorrhage, typically of unclotted blood. The red blood cells or the products of red blood cell breakdown constitute the inferior fluid layer, while serous blood constitutes the superior fluid layer based upon sedimentation (2, 4, 6, 8, 14) . The present authors consider the second mechanism to be more accurate, since unclotted blood was observed in all the cases reported in the current study. Furthermore, the growing tumor is hypothesized to compress and erode internal blood vessels, resulting in occlusion, thrombus, ischemia and the elastolytic function of enzymes. Thus, tumor growth may result in the destruction and degeneration of blood vessels, including the formation of pseudoaneurysms and subsequent bleeding (2-4). Due to the different densities of blood cells or blood cell breakdown products and serum, the fluid-fluid levels are proposed to form through the sedimentation effect. In addition, inflammatory exudation, induced by blood breakdown products, possibly occurred during the formation of the layers. Acute hemorrhage within the tumor was considered to be the cause of the sudden worsening of symptoms in cases two and three of the current study (9) . By contrast, in case one, which presented with chronic evolution of the condition, microhemorrhages may have occurred.
The presence of fluid-fluid levels can be clarified by performing CT or MRI scans. On CT scans, the superior fluid layer had a lower density, whereas the inferior fluid layer had a higher density, compared with brain tissue (Figs. 1A and 3A) . On T1-weighted MRI scans, the superior fluid layer was hypointense and the inferior fluid layer was isointense ( Figs. 1B and 2A) . Furthermore, on T2-weighted MRI scans, the superior fluid layer presented marked hyperintensity, while the inferior fluid layer was hypointense (Figs. 1C, 2B and 3B) .
A number of studies have investigated the significance of fluid-fluid levels in tumors. For instance, Sommer et al (5) proposed that fluid-fluid levels in hepatic metastases are a characteristic indication of metastases of neuroendocrine origin. In addition, Xia et al (3) determined that fluid-fluid levels in VSs were a predictor of peritumoral adhesion and are associated with a less favorable surgical outcome. In agreement with this, VS with fluid-fluid levels adhered to the facial nerve, other cranial nerves or the brain stem were observed during the surgical procedures performed in the current cases. However, determination of the fundamental causes and implications of fluid-fluid levels using biochemistry may be required. VSs with fluid-fluid levels are not appropriate for 'watch and wait' treatment approaches due to the relatively high probability of sudden tumor enlargement due to hemorrhage (3, 5, 15) . Furthermore, radiosurgery is not recommended, as the expansion of the cystic components and possible hemorrhage following radiosurgery may result in sudden deterioration (2, 16, 17) . Therefore, surgery is the optimal treatment strategy for such patients. Although cystic VSs with fluid-fluid levels indicate greater adhesiveness, it is essential that total resection is performed during the initial surgical procedure due to the tendency for accelerated regrowth of residual cystic schwannoma (8, 18) .
In conclusion, the current study reported three rare cases of multicystic VS with fluid-fluid levels. Fluid-fluid levels in VSs are predominantly identified on CT or MRI scans. Hemorrhage in multicystic VSs may be the major mechanism of fluid-fluid level formation, with acute hemorrhage resulting in sudden deterioration of the patient's clinical condition and microhemorrhages resulting in chronic evolution of the patient's condition. Furthermore, fluid-fluid levels in VSs indicate greater adhesiveness and a poorer prognosis. Therefore, 'watch and wait' approaches or radiosurgery are not appropriate; instead, surgery is recommended as the optimal treatment strategy.
